A study was conducted to determine dietary energy levels for optimum productivity and carcass characteristics of indigenous Venda chickens raised in closed confinement. Four dietary treatments were considered in the first phase (1 to 7 weeks) on two hundred day-old unsexed indigenous Venda chicks indicated as EVS 1 , EVS 2 , EVS 3 and EVS 4 (11, 12, 13 and 14 MJ ME/kg DM, respectively) and each treatment was replicated five times. In the second phase (8 -13 weeks), 160 indigenous Venda female chickens, aged eight weeks, were randomly allocated to four dietary treatments and each treatment was replicated five times in a completely randomized design. The diets used in both trials were isonitrogenous but with different energy levels. A quadratic equation was used to determine dietary energy levels for optimum feed intake, growth rate, FCR and ME intake at both the starter and grower phases and the carcass characteristics of the birds at 91 days. Dietary energy levels of 12.91, 12.42, 12.34 and 12.62 MJ ME/kg DM feed supported optimum feed intake, growth rate, FCR and ME intake, respectively, for the starter phase. At the grower phase, dietary energy levels of 12.56, 12.66, 12.62 and 12.71 MJ ME/kg DM feed supported optimum feed intake, growth rate, FCR and ME intake, respectively. Carcass, drumstick, thigh and wing had optimum weights at dietary energy levels of 13.81, 13.23, 13.43 and 13.18 MJ ME/ kg DM, respectively. Thus, dietary energy level for optimization depended on the particular production parameter in question.
Introduction
There is inconsistent information about the optimal dietary energy requirements for indigenous chickens. Tadelle & Ogle (2000) reported that energy requirement of indigenous chickens as determined from the chemical analysis of the crop contents is 11.99 MJ ME/kg. The NRC (1994), however, recommended that the required energy in growing indigenous chicken diets should be 12.14 MJ ME/kg. Furthermore, Payne (1990) recommended 11.46 MJ ME/kg DM feed for one to six weeks of growth and 10.86 MJ ME/kg feed during the 6 to 12 weeks of the growing period. Mbajiorgu (2010) reported that a diet containing a crude protein content level of 178 g per kg DM and energy level of 14 MJ ME per kg DM allowed for optimal utilization of absorbed protein and energy for growth of Venda chickens between one and six weeks old. Thus, because information on dietary energy requirements for indigenous chickens is limiting and not conclusive, the objective of this study was to determine dietary energy levels for optimum productivity and carcass characteristics of indigenous Venda chickens.
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This study was conducted at the Animal Unit of the University of Limpopo, South Africa. The ambient temperatures around the study area ranged between 20 and 36 °C during summer and between 10 and 25 °C in winter. University of Limpopo lies at latitude 27.55 S and longitude 24.77 E. It receives a mean annual rainfall of less than 400 mm (Kutu & Asiwe, 2010) .
The first experiment was done to determine the effect of varying energy levels on productivity of unsexed indigenous Venda chicks between the ages of 1 and 7 weeks old. Two hundred unsexed day-old indigenous Venda chicks were randomly allocated to four dietary treatments of varying energy levels indicated as EVS 1 (11 MJ ME/kg DM), EVS 2 (12 MJ ME/kg DM), EVS 3 (13 MJ ME/kg DM) and EVS 4 (14 MJ ME/kg DM). Each treatment was replicated five times in a completely randomized design. Each replicate had 10 chicks, and 20 floor pens measuring 2.5 m 2 in area were used. The formulated experimental diets were isonitrogenous (180 g CP/kg DM, based mainly on maize and soya beans), but with different energy levels. The birds were offered feed and fresh water ad libitum. Twenty three hours of light was available per day. The experiment was terminated when the birds were 49 days old.
The second experiment was done to determine the effect of varying energy levels for optimum productivity and carcass characteristics of indigenous Venda female chickens aged 8 to 13 weeks. The design, treatments and layout for the second experiment were similar to those in the first experiment, except that 160 seven-week-old indigenous Venda female chickens were randomly allocated to four dietary treatments. Each treatment was replicated four times with 10 birds per replicate. Prior to this experiment, the chickens were fed a 180 g CP/kg DM and 12.14 MJ ME/kg DM diet to meet their nutritional requirements according to NRC (1994) . These two experiments were carried out simultaneously between January and March 2012.
The initial live weights of the birds were taken at the beginning of each experiment and at weekly intervals thereafter. Feed intake, growth rate, feed conversion ratio and digestibility were determined according to the procedures of McDonald et al. (2011) .
At 91 days of age all remaining birds in each pen from Experiment 2 were slaughtered by cervical dislocation as recommended by the University of Limpopo Committee on Animal Ethics. Carcass weight, breast meat, drumstick, thigh and wing weights were determined.
Dry matter contents of the diets, refusals and faecal samples were determined as described by AOAC (2008). The gross energy of the diets and faecal samples were determined (AOAC, 2008) using a bomb calorimeter (Animal Production Laboratory, University of Limpopo). The apparent metabolisable energy contents of the diets were determined according to AOAC (2008) official methods.
Data in both trials were analysed by one-way analysis of variance (SAS, 2010) . Treatment means were separated using the least significant difference (95 % confidence level). The responses in feed intake, growth rate, feed conversion ratio, ME, carcass, breast meat yield, drumstick, thigh and wing weights to energy levels were modelled using the following quadratic equation (SAS, 2010) :
where Y represents feed intake, growth rate, feed conversion ratio, ME, carcass, breast meat, drumstick, thigh and wing; a is the intercept; b is the coefficients of quadratic equation; x is the dietary energy level and -b 1 /2b 2 = x value for optimum response. The quadratic model was fitted to the experimental data by means of the NLIN procedure of SAS (SAS, 2010). The quadratic model was used because it gave the best fit.
Results and discussion
Dry matter intakes increased (P <0.05) as dietary energy levels increased until optimums of 37.3 and 59.85 g/bird/day for starter and grower phases, respectively, were reached. Thereafter, feed intake on dry matter basis decreased. This is, possibly, because the chickens had met their energy requirements and hence there was no need to increase their intakes further (NRC, 1994; Fan et al., 2008; Mbajiorgu et al., 2011) . The present optimal dietary energy values for intake are similar to those of Mbajiorgu (2010) . However, the values obtained from the Venda chickens are lower than those for broiler chickens as proposed by NRC (1994) . Differences in dietary energy levels for optimal feed intake between Venda and broiler chickens may be related to differences in energy requirements (NRC, 1994; Mbajiorgu 2010; Mbajiorgu et al., 2011 ). Tang et al. (2007 reported that differences in responses to dietary energy levels might be attributed to breed differences. Such differences may be due to gene encoding key regulatory factors such as hormones, enzymes and metabolic pathways (Richards & Proszkowiec-Weglarz, 2007) . Emmans & Fisher (1986) and Emmans (1989) indicated that chickens grow based on their genetic potential; thus, they attempt to eat as much of a given feed as would be required to satisfy their growth needs.
Growth rate increased (P <0.05) as the dietary energy levels increased until a level of 12.42 MJ ME/kg DM feed for optimal growth rates of 9.23 g/bird/day was reached at starter phase. Similarly, at the grower phase growth rate increased (P <0.05) as the dietary energy levels increased until a level of 12.62 MJ ME/kg DM feed for optimal growth rate of 22.67 g/bird/day was reached (Tables 1 and 2 ). Thus, optimal dietary energy levels for growth rates at starter and grower phases were different. The reason may be that the chickens met their energy requirements at those levels and hence any additional energy content did not contribute much to the growth of the chickens (Mbajiorgu et al., 2011) . Ng'ambi et al. (2009) and Mbajiorgu et al. (2011) reported that growth rates at starter and grower phases were optimal at different levels when chickens were fed varying lysine to crude protein and lysine to energy levels, respectively. b,c,d Means in the same row not sharing a common superscript are different (P <0.05). SE: standard error; EVS 1 (11 MJ ME/kg DM), EVS 2 (12 MJ ME/kg DM), EVS 3 (13 MJ ME/kg DM) and EVS 4 (14 MJ ME/kg DM).
The ME values increased (P <0.05) as the dietary energy increased reaching optimal ME values of 12.62 and 12.72 MJ/kg DM for starter and grower phases, respectively (Tables 1 and 2 ). This could be attributed to higher energy demand as the birds grew older (NRC, 1994) . This is similar to what was obtained in broiler chickens by Latshaw (2008) .
Chickens fed on dietary ME levels of 10 and 11 MJ/kg DM had the better (P <0.05) feed conversion ratios at starter and grower phases, respectively. However, dietary energy levels of 12.3 and 12.62 MJ ME/kg DM optimized feed conversion ratios at starter (4.31) and grower (2.63) phases, respectively (Table 3) . These values are higher than the 11.99 MJ ME/kg DM feed recommended by Tadelle & Ogle (2000) and the 12.14 MJ ME/kg DM feed recommended by NRC (1994) for indigenous chickens. The values observed in the present study were, however, lower than 12.54 MJ ME/kg DM for 5 -8 weeks old chicks and higher than the 10.87 MJ ME/kg DM feed for 8 -14 weeks old chickens reported by Chemjor (1998) . Dibner & Richards (2004) and Jafarnajad & Sadegh (2011) reported that as the chickens grew older higher levels of dietary energy improved the feed conversion ratio. b, c, d Means in the same row not sharing a common superscript are different (P <0.05). SE: standard error; EVF 1 (11 MJ ME/kg DM), EVF 2 (12 MJ ME/kg DM), EVF 3 (13 MJ ME/kg DM) and EVF 4 (14 MJ ME/kg DM).
Indigenous Venda chicken carcass characteristics were improved (P <0.05) with increasing dietary energy levels. Leeson et al. (1996) and Nahashon et al. (2006) found that carcass weight was significantly improved by increasing dietary energy levels. This might be attributed to the storage of energy in adipose tissues once the requirements for basal metabolic rate and thermogenesis had been met (Leeson et al., 1996) . Carcass, breast meat, drumstick, thigh and wing weights were optimal at different dietary energy levels of 12.80, 13.23, 13.43, 13.18 and 13.00 MJ ME/kg DM, respectively (Tables 2 and 3 ). This indicates that dietary energy requirements of indigenous Venda chickens for optimal carcass characteristics will depend on the production variable in question. No report was found on the effect of dietary energy level on optimal carcass characteristics of Venda chickens.
Conclusion
Dietary energy levels of 12.42 and 12.66 MJ ME/kg DM, in a diet of 180 g CP/kg DM, supported optimum growth rates at starter and grower phases of Venda chickens, respectively. Furthermore, carcass, breast meat, drumstick, thigh and wing weights were optimal at different dietary energy levels of 12.80, 13.23, 13.43, 13.18 and 13.00 MJ ME/kg DM, respectively. Thus, different production parameters were optimized at different dietary energy levels. Therefore, dietary energy level for optimization depended on the particular parameter of interest. This has implications on diet-formulation for indigenous chickens.
